SEM-observation and analysis provide a quick and reliable method of predicting the cross-over and multilayer characteristics of a dielectric paste. Surface and bulk porosity, flow behaviour and chemical composition, determined by SEM are closely related to the results of electrical and environmental tests. From the latter, voltage breakdown and humidity tests should be selected as most suitable for the comparison of various systems.
INTRODUCTION
Increasing density requirements require that the thick film hybrid manufacturers print high resolution patterns and also consider the application of multilayer hybrids. The introduction of compact interconnection technologies such as TAB and chip carrier will no doubt accelerate this process.
Paste manufacturers are doing a lot of study in order to develop inks suited for fine line printing. The properties of dielectric pastes, necessary for multilayer applications, have not been studied that extensively. 2 A programme was started to compare various dielectrics in combination with various conductors. From the test programme two tests were found to be most significant for the dielectric's characterisation. These tests, in combination with an SEM-study of surface and bulk porosity, allowed a quick and reliable selection of an appropriate dielectric paste to be made. Also by means of SEM, the surface of the three dielectrics has been characterized. Figure 1 shows the surface of DP 9950: almost no porosities are visible. Devitrifying of the glass partially occurs resulting in a crystalline phase (rectangular particles) homogeneously distributed.
At the surface of Eng. 33.390, only a few porosities are visible. The structure is very complex and the different phases can hardly be separated. Figure 2 shows the surface of DP 9429: it is clear that this surface is very porous. It is a priori very probable that such a surface is not the best one for a dielectric. During processing the manufacturer's specifications were carefully observed, and we did not succeed in printing and firing a dense surface.
A third important feature readily to be observed from SEM-observations is the flow behaviour of the different pastes. Under the dielectric layer marks are still visible, due to the level of the bottom conductor: after firing, the surface of the dielectric layer is not totally fiat, the differences in level due to the bottom conductor still being present. When the top conductor is screened, it flows out more readily in the "valleys" than on top. This effect enhances the risk of breakdown and reduces the critical migration distance between conductors. Figure 4 shows that this effect is related to the dielectric: A final observation readily made by means of SEM is the degree of bulk porosity. Samples are broken and the porosity of the dielectric is observed. Engelhard 33.390 turns out to be quite more porous than the two Du Pont materials. Figure 5 gives an idea of 33.390's porosity. This observation is far more rapid than from a full metallographic polishing process, and gives a valid image of the porosity throughout the fired dielectric.
Life Test at 15C
Initial values of C are measured at 1 MHz, the insulation resistance Ri at 500 V (direct current). These values are compared with the results obtained after 300, 1000 (Table III) :
The absolute values are always highest for 33.390. Table IV . There is a fairly good correspondence with Section 2; only the results for DP 9950 were significantly higher then. Figures 8 and 9 show the results of these tests. For group 1 samples, the insulation resistance (measured at 500 volts DC) is minimum 10 s megohms, except for DP 9308/ DP 9950. The insulation resistance is apparently higher for group 2 ZrO2 is detected in the modified version (not in DP 9950). Printability on top of the modified paste is dearly better, as illustrated in Figure 13 . The bulk porosity is however very high (Figure 14) which will cause problems in combinations with migration prone conductors.
Humidity Test

DISCUSSION
The lack of availability of acceleration factors for these types of tests on hybrids prevents us at present from giving an estimated lifetime of the various cross-over and multilayer circuits. 
